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ABSTRACT

An equation has been developed to predict the residual static strength
of stiffened panels. All parameters in the equation can be evaluated
from tests on simple unstiffened specimens. The stiffened panel is
treated as a composite material, with the sheet material representing
the matrix and the stiffeners representing the fibers. The residual
static strength of the cracked sheet, calculated using notch strength
analysis, and the proportional limit of the stiffeners are used in the
law-of -mixtures equation to calculate the residual static strength of the
stiffened panels.

Excellent predictions of the residual static strength of stiffened panels

have been obtained and are presented for a wide variety of panel con-
figurations, type fasteu.rs, and crack geometry.
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one-half crack length, in.

net section area of sheet (panel width minus crack
length, times thickness), in.?

net section area of remaining stiffeners, in.?
area of stiffener, in.?

material constant obtained from experimental data
1
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INTRODUCTION

Current fail-safe design philosophy dictates the need for a practical
method to predict the residual static strength of damaged or cracked
structures. Several methods exist {or predicting the residual strength
behavior of unstiffened panels; for example, fracture mechanics, notch
strength analysis, and effective width approach. If these method., are
properly applied and their inherent limitations are recognized, accepta-
ble engineering predictions can be made. Prediction methods for
stiffened panels are somewhat more limited in their capability of making
satisfactory predictions for a wide variety of configurations. Often the
designer is forced to rely on experimental data obtained from stiffened
panels that are similar, if not identical, to those he will ultimately use.
Obviously, this approach is both time-consuming and costly.

Based on the need for a simple method to predict the residual strength
of stiffened panels, it was the purpose of this study to develop a method
which required only basic material properties and data frorn unstiffened
panels to make the predictions.



BACKGROUND

The need for an improved method to predict the residual static strength
of stiffened panels became apparent when some unpublished NASA data*
on 30-inch-wide 2024-T3 and 7075-T6 aluminum panels with riveted
aluminum stiffeners were being studied. In the NASA data, the ratio of
stiffener area to skin area varied from 19 to 56 percent and the percen-
tage of total area that failed (pricr to testing) ranged from 12 percent to
66 percent. Interestingly, the test results indicated that the ratio of
stiffener area to skin area had no apparent effect on the residual strength
behavior, as shown in Figures 1 and 2.  Since configuration had no
apparent effect on the behavior, a single curve could be faired through
all the data for a given material. Althgugh the scatter was quite large,
the curves indicate the trend of the data. Comparison of these faired
curves indicates that the curve for the 7075-T6 material fall. above the
curve for the 2024-T3 material. Typically, for unstiffened panels,’ the
order of the curves is reversed; that is, the curve for the 2024 material
falls above the curve for the 7075 material (see Figure 3).

For the curves presented in Figures 1 and 2, it became obvious that the
methods commonly used to predict the residual static strength of
stiffened panels (for example, Greif and Sanders® and Romualdi et al?)
would not result in suitable predictions since their approach is to adjust
the unstiffened data by a factor which is some function of the specimen
geometry (stiffener spacing, area, etc.) and the ratio of sheet to
stiffener material moduli. In the NASA data, the stiffener and sheet
material have identical moduli; therefore, the commonly used methods
would result in adjustment of both curves in Figure 3 by the same factor.
Thus, using these approaches would result in predicted curves ordered
as shown in Figure 3, not as the actual results as shown in Figures 1 and
2.

*Unpublished data obtained from additional testing on panels described
in Reference 1,
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METHOD

The approach presented herein is to treat the panel as a composite
material, with the sheet material representing the matrix and the
stiffeners representing the fibers. The residual static strength of the
crack sheet, calculated using notch strength analysis,? and the pro-
portional limit of the stiffeners are used in the law-of -mixtures equation,
which has been shown to be applicatle in predicting the strength of
metal-metal composites (see, for example, Reference 5). It is assumed
that the proportional limit of the stiffener is the limiting stress at which
the stringer is effective in retarding the failure process.

The equation for predicting the residual static strength (Spet) of stiff -
ened panels is as follows:

S - Residual Static Strength ( Net Sheet Area
et of Sheet Material Total Area

Proportional Limit Net Stiffener Area)

of Stiffeners \ Total Area
Then,
S - __9u(sheet) Apet(sheet)
et Ky [Anet(sheet) * Anet(stiff) ]
+ ___ PL(stiff) Anet(stiff)
[Anet(sheet) * Anet(stiff) ) (1)
where Ou(sheet) =~ ultimate strength of sheet material, ksi
PL(stiff) = proportional limit of stiffener, ksi
Apet(sheet) = net section area of sheet (panel width minus
crack length, times thickness), in.?
Anet(stiff) = net section area of remaining stiffeners, in.2
Ky = static notch strength factor
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The static notch strength factor is calculated by using the following

equation:
1 - 2a/W
Koy = 1 +CMm ¥a 1 + 2a/W (2)
where C), = material constant obtained from experimental data on
unstiffened panels, in.”2
a = one-half crack length, in.
W = specimen width, in.

Equation (1) requires only knowledge of basic material properties, that
is, ultimate tensile strength and proportional limit, and sufficient
residual static strength data on unstiffened panels to obtain the material
constant, Cpg (see Reference 6). For aluminum and some titanium
alloys, the value of K, can be calculated by using the curves presented

in References 2 and 7 respectively.



AGREEMENT BETWEEN PREDICTION AND EXPERIMENTAL DATA

A literature survey was conducted to obtain test data covering a wide
range of materials and specimen configurations. Although the search
was extensive, only a limited amount of experimental data was available
(References 8 through 11).

To demonstrate the overall applicability of the proposed method, no
attempt was made to adjust the value of Cpf for each specific set of data;
rather, typical values of Cym were used in the calculations. Also, since
the proportional limits were.not quoted in the referenced reports, typical
values were used. A summary of the values that were used in the calcu-
lations is presented in Table I,

TABLE I. CONSTANTS USED TO CALCULATE RESIDUAL
STATIC STRENGTH OF STIFFENED PANELS
CM Proportional Limit
1
Material (in.”2) (ksi)
2024-T3 Bare and Clad 0. 65 45
7075-T6 Bare and Clad 1. 90 55
PH14-8 (SRH 1050) 0.70 189
Ti8Al-1Mo-1V 0. 60 116

In the case of Reference 8, notched panels rather than {atigue cracked
panels were tested. Calculation of K,; for notched pancis requires the
appioach described in Reference 2, For the data in this report, the
values of Vp' (material constant required to calculate K, for

notched specimens) were the same as those used in Reference 8 (see
Table II).



GE i,

_ 06 "G LS L2 HRT ﬂ_mh.w 91/¢ 91 /6 - KLY 0 2e/¢ X [ X% ~.m5.n.||r.|
_
i S0 1 Tle Cag [ S ST 8/1 8/ - §v0 '0 £90°0 X SL°0  $90 0 —mm—
_ £1°1 4RS g an vF 405’0 8/1 £/t - €0°0 $90°0 X 05°0  $90 "0 ———wcam=—
50°1 P 1°¢s Sl 00 STIC g91/6 3 08570 0$2°0%9%°2 300 ——=====—
€51 pree ¢ 1o e 4os 1 91/¢  ,91/6 = 0 k2o FODTOXGLE FY0TY —mm—
A SRR 1Y g gy = (JFNS)Ng ) (152) 183 g - (BNS) 4
LUERT0 = O 1sy pog = (199UE 7, 9L-610L CfRLIMNTN
501 ¢CTE 6 tE € "o¢ 27 gl * : {a) 2 eP(2°0 §/UXT1 X1 150" {
26°0 7t + 76t (7919 1¢°61 _ (o) Z e¥fZ°0 LA SE BN | 1€0°C
LR O Ltof 9°6¢ boee €9°31 (2) 2 LHE2°0 g/ X1 x1 18070
81°1 §°62 6% €728 €11 12} 2 pb80°0 9L/ X pit X ¥/ 20170
[§ 20 6°82 8 '0F 821 9% (o) 0 pbBO'0  9L/1 X ¥/v Xp/e 7010
251 T £ FE S04 0s 91 (a) 4 pb80°0  T/T X B/e X t/¢ 201 0
521 1°ve 8°7% v 8¥ 00°L {3) ? ,221°0 T X X1 1§0°0
201 € 0¢ 7 He ¥t 8¢ 0t (3) K4 522170 9I/1 XU X[ (800
$0°1 FOlE ToLF 099 0§ '22 {3) v q8L1°0 2BW/EXT X1 $¥95°C
o1 "1 +reb STy L Re 0¢ "a1 (2} 4 -¥E2°0 2e/e X 1 x ( 16500
¢b "0 N 4 <IF £ 8¢t £9°91 (3) 7 e¥€2°0 8/1X1XxX1 15070
18°0 il 32 L'8¢ 9°0% SLoLl 2t /¢ S°0 (2) 4 e¥€Z°0 B/UXTX 1 10T T
| ‘Ut o¢ = M 1oy 18 < WIS, (189) 183 gg = (IS g
.w..E 06t = Np 5% gy = (19ays)n,, PRID 9L-610L ‘TRMIAIEN
(1eo)12ug (153} (s} {->d) (ruy (ur) (rui) ( ur) paieq (;u1) (e3) (ruy uol1d9§
(dxa)raug (tesiong  (dxapiong vmmwu RLELT vid LERE w...:..aw, ﬁucu.Ewm 1suapms 2215 13UalNS Iy L . _:Ew ]
v yoaead 19aY 19A1Y  1wuIJJI3 JOo CON yong 199yS vawtd2dg
1810 ¢j01 jo eaay
mi STINVd QANFAAILS 40 HLONFUIS DILVLS ‘IVNQISAY I 14V L
s S e - ~t 4 @ b L .

Ml b NSk o I S




1°9¢ S°G¢ e 1€ ‘01 : \ (3) , 5221°0 IM/TXTXT 18070 [
8°0 08¢ £°1¢ L°62 0S°L (2) q8L1°0 2E/EXTXT %90°0
S6°0 08¢ 2°9¢ L vE 0s 11 (3) q8L1°0 E/EXT X1 $90°0
$6°0 9°8¢ ¥ "ot 6 '8¢ 0S %1 (2) q8L1°0 2E/EXT XY $90°0
06 '0 6Lt € ¥ z°1¢ 6201 (3) q8L1°0 2E/EXTXT $90°0
68°0 0 0% L°S¢ S°gs 90 "¢ (2) e¥€Z°0 8/TX1X1 150°0
68°0 8 0¥ 5°9¢ 2°8¢ £1°91 () e¥€2°0 8/1X1XT 150°0
L6°0 €6t g '8¢ §2¢ 8¢ ‘21 (?) e¥€2°0 8/TXTI X1 1S0°0
96 ‘0 L°6¢ € '8¢ 0°0¢ ¥6 "01 2€/s S0 (2) rd e¥€2°0 8/TX1X1 150 el o i T B
U0 = M 15y 16 = (518)0p (153) 15y gp = (FNS)q4
39 5970 = Wo 183 g9 = (323us)ny PEID £L-$207 ‘Ie1IdtEN
98 '0 0Ly i 4 s'sk 4009 9t/e 91/6 = 89L0°0 $90°0% 2°1  #90 0—=—x
68°0 €9F 1% €718 007 8/1  8/¢ - 2150 °0 ¥90°0 X 08°0  $90 0———=—=
06 '0 €Ly 6 2% 0702  05°2 8/1 8/t S 2£0°0 $90°0X05°0 ¥90 0—=——=
£0°1 1°%S 8°66 '8 400 '1 8/1  8/¢ 3 8210 °0 S20°0 X 15°0  $90 "0——=—=
680 170 S bE £°€C 4009 91/¢ 91/6 = 261°0 $20°0% 0t  $90 0—=—=
£8°0 1°0% SIE £°€E 400°9 91/¢  91/6 S 261°0 $90°0%X 0°¢ 390 0——=
6L°0 €Ly 2L 88l AL°T 91/¢  2/1-¢ S 8L1°0 ¥90°C X RLZ  $90 0———=—
$8°0 L LE 1 4 881  8L°7 91/¢  ¥/e-2 2 8L1°0 t90°0 X 8L°'7  $90 0 —=—x=
20°1 £ LF ] 8R1  (BLC 91/¢  91/6 2 0 |L1°0 ¥90 0 X8L°7  $90 0—=—==
‘urZr s M 183 ¢ zg = (IS)T (153) 1% gg = (WS)qy
UL Ep10 = N 153 § "z = (¥2Us)Np 9L-$20L ‘TeHBIPW
{1ea)1aug (1s>) (1s3) [RELS) (ur) (-ur) (ruy) (rur) patieq (4 w) (uy) (ur) uot1>ag
P — parv g y18uay eI yoig Burredg SIBUlJJIIg  13U3JING 221G J3uajjng oY L S50l
Exu:o:w :m&..wzm Exo:ucm vasy b 1:259) 19A1Y I9ATY  J3UaINIG Jo "oN yory 120yg uawtradg
1101 TejoL jo ea1y

panunuod - II 21qrl

—_—

J

10



o >

et 8°¥¢ €L s L2 88 °s1 = = $°6 %! FEL0 C 2¢0 "gWTT.
10°1 9°2¢ rUee r 2 £ rA g - g $°6 1 180°0 S cEO 0O T"LI"L L
9 °0 L°2¢ $°0¢ ¥Le 85 '¥1 - o 61 51 1EF1°0 3 600w W
160 82 682 $°92 16 €1 e = 61 1 £81°0 o 200 L 'L
£8°0 9-2¢ ¥92 012 €€ ¥l S o 61 0 5600 - 1£0°0
st°o 8°1¢ €€ 9°12 rd 2] = = 61 0 $60°0 o ££0°0
sL°0 81t £°€2 6°12 ¥ vl - 2 61 ° $60°0 3 ATACE: R R N
26 = M 1% g9 = (Hhing (1s9) 19y ¢y = (HNI)q4
U s970 = No 1y g9 = 13248, PROIV £1-$202 TRLIRTEW
60 "t LovE 6°Lg 6 "0t o¥ 6 ] (3) ) pb80 O OSI/U X ¥/E X¥/E 2010 )
IAl | Lovg L 0¥ I3 £ €9°6 (3) pb80°0 91/1 xXp/e X/t Z01°O
6670 6°¥¢ 9°¥¢ ¥ 82 0$°8 () pb80°0 9I/U XB/E X¥/E 201°0
901 31 08¢ 8°L¥ 05 °S1 (a) pb80°0 9L/ X ¥/e X ¥/ Z0U°C
96 '0 8°¥¢ M 11 ¥62 88 '8 (3) pb80°0 OL/UX¥/e X%/ 20170
%0 Z°9¢ 2°s¢ 0S¢ Ly 1Y (3) s221°0 9I/1 XTI X1 180°0
ST°1 13 Lvy rA 1] 00 '61 riv $°0 (3) r4 5221 °0 I/TXTXT 180 O[T
' uroE = M 18y 26 = (ymas)ny (383) 18 Gp = Cuﬁuvd&
esursso = No 193 gg = (@2usIn, PeID €1-%2027 ‘TelIaEW
1
(rea)roug (1s3) (18%) {32d) (-uy) (rur)  (cuy (-u) patre 3 (zvy) L ut) (uy) uodIg
T ey TERTI petted  wyiduay  EIlQ Yud Buidedg  sisuapus  1auaymsg 9z1g IduIPUS  WPIYL $801D
(dx3)1vug  ((ed)3dug  (dx3)3eug ey NoeID  19ATY  19ATY  IIUIPJNIS jJo ‘oN yoeq 199ys uswrsadg
Telol Te3oL jJo eaay —_
panunuo) - ] 31qe]
i - sl - o Dokt i st SR Lol i S

11




£6°0 8 °8|% 9°G¥ S SY 4009 91/t 91/6 [ 8920°0 $90°0 X 0Z°1  $90 0=
9 °0 2°6% €°Lh £°1¢ yCo ¥ 8/1 8/¢ 2150 °0 $¥90°0%X08°0 $90 0 ==—"""
10°1 0°0S %05 0°02 y0s ‘2 8/1 8/¢ 280°0 $£90°0X05'0 #9000 ==
00°1 9°2¢ 9°2s 2°8 4001 8/1 8/ 8210°0 $20°0X15°0 P90 0 ——
¥ 1 €L r(3 4 € €€ 40" "9 91/t 91/6 261°0 $90°0% 0°'t #9900 —EE—
¥0°1 2°8¥ ¥ 0 0°s2 400 ¥ 91/¢ 91/6 821°0 ¥90°0% 0°Z %90 0T wmE———
S0°1 L8y z°15 8°81 y8L'e 91/¢ 91/6 gL1°0 $90°0X8L°Z $90 0T w==—
€0°1 L8¥ ¥°0S 881 y8L'2 91/¢ 91/6 8L1°0 2W/EXTUXT ¥90°0 _
o011 £°0s €66 00t 40s°t 8/1 8/t 8%0°0 ¥90°0 X SL°0  $90°0 T wmw——
86 °C 6°25 8°15 o't 4?5 °0 8/1 8/¢ 0 2€0°0 ¥90°0X 0§°0 ¥yQ0T T mmw——
T2l = M 184 2°2L = —wu_uuv_ab (1923) 18y G = c.ﬁnlv..—nm
urggr g = N 18y 2 72 = (3200 £1-9207 ‘TelIAEN
(ex)1oug {tsx) (18y) (32d) (u; ( ‘ur) (ur) patied (g°u1) (uy) (u) uonag
dsaria s panted  yiBusq  e:g youd Buidedg sasuagng 1auazng 821g 13uapNS AL *801D
{ xu..onm :nu:ocw {dxa)iau a1y e ydat 1941y jo ‘ON >e 19a4S uawtdadg
®oes) ' yoeg
™oL Tej01 Jo rauy

panuniuo) - I aqeL

12



e e e e e -

001 EoIE L 59 +0°s 3 - 3 i §62°0 - b0 === = =
Suv 0 1 9% 9°k¢ 0% 81°¢ ] S St £60 0 - ob0 0 == = —
(20 oIt 8 9% 876 0¢°s S = 9 61170 - Fp T ==
801 £ Gt G 6¢ 421 1S o = 9 650 °0 . 0b0 ¢ ===
£6°0 S°1F 06t Lo £0°6 - S et 881 °0 e 680 QW = =
$0 "1 1 £ 0°¢F £°6 0°s = = 6 981 '0 - b "o W= == ™
—
9 °0 S 9% 2768 | A 01 g = S 21 1900 - 6e0 T = = —
¥6 0 1°6¢ 8°9¢ 8°01 In’s c = 2 121°0 = 030 0= ===
90 "1 9°0¢ 6 '8¢ F2t 01°g S = < 19090 = 6sp Q=T ==
$0°1 1°ée s 0% 8 01 or-g = - 6 ] 121°0 = 0b0 oW e =
e g i (ns)n (159) 183 g - T3)pg
$5043 OW1 1SET {'UT €F = M 18 pL = - 4 PIDTY 9L-CL0L :SJ49uAjIS
zout 970 = Wo 15y g9 = (322UEIN, PRIV €L-t207 ‘iTlIaren
1
(1es)12ug (193) (154} (32d) ("ug) (-uy) (ruy) ( ui) patied (;un) { "u) (ut) uoryag
T CTITETTIY . pare g y1fuarg v.d ysug Buisedg  sJ3uajjiig  I1au3djnig 821C 1UDJINIE NOYT §§017)
( xovno:w :mu:.uum Exuvau:m raIY Fyoern 1ALy 12ATY  J3UdIS jo ‘ON yoey 123Yg uawidadg
1eloL {eiol jo vaay

« ponunue) - i1 Iqul




S 191 0°cyt 98°0 1°66 €58 2 90D 001 ‘0 001°0%XT 050°0
s s 0¥t ¥8°0 0°86 2°'c8 2 wIUoD 001 °0 001'0X1 0500
s 1l 0°cevt 00°t i'9% $°9 9°61 - bew00°¥ 050 °0 0S0°'0%1 0S0°0
(N1 0°8€1 101 s°€6 9°'%6 9°61 - beg00'¥ 050°0 0S0°0X1 0500
(3121 s 96 0 6°s6 8°26 9°61 ) 050 °0 0S0°0X1 0S0°0
s I 0°91 08°0 1'% 6°LL 9°61 L) 050°0 0S0°'0%1 0500
[ 17 6°0%1 01 2°86 ¥ 'sot 2 - dw00°2 001 '0 001°0X1 0500
S 191 S0l at 0°86 6601 2 - dw00°1 0010 001°0%X1 0500
S 18l Le6gt %% 0 vy 6°88 9°61 - w0sl 050 °0 0S0°0%X1 0S0°0
S 1l ¥t 00°t 2°%6 2°%6 9°61 - w0St 050 °0 0S0°0%1 0500
s vt S opl 260 8°%6 818 9°61 - o'w00°1 050 °0 050°0%1 0500
S 181 o1vt 06 °0 1°56 L°s8 9°61 - 0'w00°1 050 °0 0S0°0X1 0500
s 191 2°8¢1 0°1 9°€6 o101 9°61 - wWees 050 °0 050°0%1 0500
S 191 9°8¢1 st°t 8°¢6 ¥ ‘801 961 ©  wweds 050 °0 0S0°0%1 0500
0°€st 9°€91 TN} S'¥%6 0°201 it - w00 §20°0 §20°0%1 0500
0°€SI 1°%91 00°1 8°%6 896 112 - w050 §20°0 §20°0%1 0500
0°¢est 0°s¥l 01 ¥°56 ¥ ‘201 112 - wWeds §20°0 S20°0X1 0S0°0
0°¢est s 281 or°t 6°c6 0°#01 112 - wwess §20°0 S20°0X1 050°0
S 0°L€1 %01 ¥°9 ¥ ‘001 2L /s 00°1 001 ‘0 001°0%X1 0500
S 18l S 1l €0°1 €56 L°86 9°61 26/s  00°1 050 °0 0500 x 1 .omo 0
5 €5l (311 21 1°26 0°vo1 112 8/t ,05°0 §20°0 S20°0%1 0500
S IEI 1281 00°1 L°86 686 e /s 10071 001 0 001°'0X1 0S0°0
13 2 o8l €01 L'¥6 0°86 9°61 /s (00°1 050 °0 0S0°0%X1 0500
0°€st 2 shl 01 8°56 €01 11 sL'2 8/t 0570 + 0 $20°0 §20°0% 1 0500 —E——=—"
ULzl o= M sy gry = BNy
7-u1 0970 = Wy pajeauuy xaydnQ [-1-8 11 TelIdEN
({EE) (L) {teopsug (1) ({EE) ) T (e (@9 () Pt d zun un un) 611595
firsis, | Aehoins  TEOTRNG (kg (ewuy WO G DL ERS SUUE TS tRT . sewdgps oL e
1e100 P10 jo vasy

panunuo) - [ alqe]

14



o

|, Ay

oy

S "902 §°12e 811 8 °0st ULt 2 R e ) 00 °0 050°0%X1 S20°0
$°902 0°122 901 9°0s1 0°091 2z 90D 0500 0s0°0%X1 §20°0
s 122 0°202 06°0 [ 3 191 8021 961 ~ pey00°2 $20°0 S20°0%1 §20°0
s 12z 0°502 26°0 8°6€1 T4 9761 = pey00°2 §20°0 S20°0%X1 §20°0
§°122 $°812 911 S Z¥l 2°591 9°61 S uiued §20°0 §20°0%1  §20°0
$°1ze 0°st2 801 L70¥1 2°281 9°61 = L] €20°0 €20°0%1 S20°0
S '902 §°602 9% 0 L S¥l € 1v1 LA - gem00l 050°0 0S0°0%X1 §20°0
S '902 §°s12 ¥6 0 2 81 1°0¥1 z - dew00°1 050 "0 0S0°0x1 Sz0°0
s 122 S ¥I2 6270 S 0¥t ¥zt 9761 = wSL0 $20°0 §20°0x1 S20°0
§°1ze 0°512 18°0 (2] 9°61 - wSL0 §20°0 S20°0%X1 S20°0
s 122 s°122 (1041 0°tb1 8°191 9°61 * 0050 §20°0 §20°0%X T §20°0
s°12 $°612 AN} 0ot 2°891 9°61 * o950 §20°0 §70°0%X1 $20°0
S 122 0°€12 90§ L7651 2°8¥1 9°61 WIS s20°0 S20°0%71 SZ6°0
§s°122 S 661 911 [ 11 0°sst 9°61 NS §20°0 §20°0%1 §20°0
s ¥e [ ¢ 980 ¥ 9t 8°Ltl [ 34 ¢4 - 920 010°0 ot0°0%t S20°0 .b
S 12 $ 812 280 6951 8611 §°12 © w00 0100 010°0%X1t $20°0
S92 $°912 0 #°sgl |G §°12 T QWS 010°0 010°0%t $20°0
S P2 S Vi ¥6 0 LUvst 021 §°12 - Vs 010°0 ol0'0%X1 §20°0
$°902 § 812 %0 12 S S¥l 2t 8/1 05 ° 0S0°0 0S0°0X1 5200
S 122 0°612 $6 0 Lot 6°9¢1 9°61 8/1 0870 §20°0 S20°0%1 S20°0
S #I2 $°s12 88 0 € °SEl 2021 s°'12 2e/e 0E°0 210°0 oto'ox1t sz20°0
S 902 0°122 £6°0 9°0§1 L°0%1 - 8/1 40570 0500 0S0°0XT $20°0
§°122 S6t2 £6°0 6°1¥1 9°1£1 9°61 8/1 0570 §20°0 §20°0%x1 §20°0
S ¥l2 §°022 |0 0°8€1 ¥UELT §°'12 SL°T /e 0e°0 14 0 o10°0 010701 S20°0° ™= —
A SEN.Y 18% 681 = NSk gq

TJUI0L°0 = Wy (0501 HUSIONEB-¥1Hd ‘Teiaaten
(1sn) (1sxn) (re2)12ug (1) (1sy) {12d} (ruy {uy (fvy} (cuy) parteq (g'ut) (ruy) (uy) uoldag
Gmsing  (1@ays)n, .Nuuzo:w (rea)1dug  (dxapaug vno“._.uﬂu .“_aunn:._on\v_ .”Mz ”_uu ““M unuhww.ﬂumm -._w“...vw.“uw uu““wﬂum SIS RReas “.M““M =“.“.”“Wam

101 Te30L Jo vy
panutjuoj - i alqel

aL




de8 ‘ut-Q -2 ‘PIe@M ‘ur-( ‘7 pPId3M JUIITWIBJU]
poaa83e}s smox om],

sdex3s 3® urys ur pyam-jng reuipnipirduory
PIam uotlsn g

pram=-jodg

(S319A1X 1PUOIN) SIUIISEF [EDTUBYIIW

partej a’suajyizs pue deaig

2°ul $80 ‘0 = deais 1oes eaay

2’Ul 2£0 °0 = dexis yosea eaay
"ut 600 "0 = snipex YdojoN
Y18uay ([0} papuoq 13udjus

Atuo sdia8 ur papuoq 13udjynIs

‘ur g1 ‘6 ‘G2 :smorroj se ' woay Surdedg

(4yoea) 'ut 121°0 = BII® I3UIINIS PIeOoqiInQ

(yoea) ,'utl gpZ°Q = EaJdE IJUIJJIS paeoqinQ

(yoea) ,'ul gg¢ 0 = BIIE IIUAJJIIS PaeOqINO

(yowa) 'ul ggp "0 = BALE JIUIJJIS paeoqINQ

‘u

‘ux

‘e

papniouo) - I 2qeL

16



[
!
{

The predictions obtained by using Equation 1 for all the available data
are presented in Table II and in Figure 4 as tick marks, The experi-
mental data are shown as symbels in the figures. The symbol F above
the stiffeners indicates that the stiffener had been failed prior to testing.
These data include specimen widths ranging from 12 inches to 57 inches,
specimens with either riveted or welded stiffeners, and specimens con-
taining eithe: uotches or fatigue cracks. It can be seen from Figure 4
that, in general, the predictions for the 7075-T6 aluminum panels dis-
cussed previously are higher than those for the 2024-T3 aluminum panels
and thus tend to conform with the observed trends in Figures 1 and 2.
The average differences between the calculated values and the experi-
mental data for each material are presented in Table III,

/
—
TABLE III. AVERAGE DIFFERENCES BETWEEN CAL-
CULATED AND EXPERIMENTAL DATA
z snet(cal) - Snet(exp)
Material No. of Points No. of Points
2024 - Bare and Clad 43 2.8 ksi
7075 - Bare and Clad 26 6.0 ksi

Ti8Al-1Mo-1V
Riveted 6 5.0 ksi
Welded 18 8. 3 ksi
PH14-8Mo (SRH 1050)
Riveted 6 11. 6 ksi

Welded 18 15.7 ksi
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The average differences for the Ti8Al-1Mo-1V panels with welded stiff-
eners and for the PH14-8 panels with either riveted or welded stiffeners
are somewhat large. However, investigation indicates that there were
differences of as muca as 14. 9 and 18. 7 ksi for the Ti8 Al-1Mo-1V and
PH14-8 panels, respectively, in the results of tests on similar speci-
mens. Based on this observation, the large differences between the
calculated and experimental values for these cases are not considered
to be unreasonable.

Even though typical values of the material constant, C)4, and the pro-
portional limit were used for each material, with no attempt to adjust
the values for each set of data, and even though there was inherent
scatter in residual strength data on stiffened panels, the predictions are
considered to be quite good. As can be seen in Figure 4, the method pro-
duced acceptable results for a wide range of configurations, type
fasteners, and crack geometry.
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